To study the effect of Bone morphogenetic protein 15 on differentiation potential of mesenchymal stem cell derived from human follicular fluid to oocyte like cell.
213 volume. The set program for 40 cycles was as follows: 95 ˚C for 15 seconds, 56 to 62 ˚C for 30 214 seconds (depending on primer-), 72 ˚C for 30 seconds, and 75 ˚C for 30 seconds for final cycle. 215 TABLE 1 reports the primer sequences for NANOG, OCT4, ZP2, ZP3, and GAPDH. The 216 formula of 2 -ΔΔCt (comparative threshold cycle method) was used to determine the melting curve 217 for all PCR products so that outputs showed modifications in expressing genes in the cells 218 generated for differentiating corresponding to the un-differentiated cells (controls), as mentioned 219 earlier (Livak & Schmittgen 2001) .Each test was done three times. Attained data were statistically analyzed by SPSS (SPSS Inc.; Chicago; IL: USA) and GraphPad 224 Prism6 (GraphPad Software Inc.; San Diego CA: USA). Differences in expressing gene and 225 percent of the proliferating and positive cells for marker expression between the cells generated 226 for differentiating, and analysis of the controls was performed by the one-way analysis of 227 variance, represented as mean± SD (standard deviation) at statistically significance level of P-228 value less than 0.05.
230 Results

231
Morphological analysis 232 The adherent small mesenchymal cells showed spindle-like shapes within the first two days after 233 culturing, morphologically as undifferentiated fibroblast-like cells. However, after3 days, the 234 cells or clusters of cells disclosed a heterogeneous cell population, represented the extended 235 fibroblast-like morphology (Fig. 1A) , exhibiting big cuboidal or round epithelial-like feature 236 (Fig. 1B) . Nearly some days after developing in minimal culture medium, neural-like 237 morphology cells were formed with two or more obvious cytoplasmic processes resembling to 238 dendrites and axons (Fig. 1C ). Approximately 15 days after cell culturing, the MSCs increased in 239 sizes and differentiated spontaneously into OLCs ( Fig. 1B , E). OLCs with different sizes(20-240 30µm), were distributed dispersedly among the fibroblastic-like cells. In the BMP15 treated 241 group, after 10 days of culturing, round cells remarkably developed with apparent nucleus and 242 cytoplasmic changes ( Fig. 1B , E, F). BMP15 not only increased the size of round cells and OLCs 243 in the culture medium compared to the control group (115µm), but also caused obvious 244 cytoplasmic enlargement of fibroblastic-like and epithelial cells ( Fig. 1E , F). 245 246 DNA synthesis and cell proliferation 247 Dual immunofluorescence staining to detect BrdU disclosed proliferating cells in the cultures. 248 Immunofluorescence analysis demonstrated numerous BrdU-positive cells during the 1 st week in 249 minimal culture medium ( Fig. 2A, B) . A comparison was made between the percentage number 250 of proliferating cells (in S phase) and total cells that showed a form over 59%, which slowly 251 reduced. A decrease in the number of the proliferative cells was observed at the second week of 252 culture so that a reduction in proliferative value equaled 16.5 %(P < 0.05) ( Fig. 2 B) . 253 254 Production of estradiol 255 On the second and third days, there were high estradiol levels in the undifferentiated cell medium 256 (control groups). This can be due to the presence of some follicular fluid in the culture medium. 257 While the estradiol level from the day 7-21 showed a decreasing trend, the levels of estradiol 258 hormone significantly decreased in the group under treatment with BMP15 compared to the 259 control group. Before day 17, there were higher estradiol level in the medium of control 260 The multipotency ability of follicular fluid derived MSCs were evaluated by examining 269 adipogenic and osteogenic differentiation capacity after culturing for 3 weeks (Fig 4) . The ability 270 of FF derived MSCs to undergo adipogenic differentiation shown by staining with Oil Red O 271 dye, and appeared with red stained lipids ( Fig. 4A, B ). Von Kossa staining was used to examine 272 the osteoblastic potential of FF aspirated cells. Morphology of FF derived MSCs in the presence 273 of osteoinductive medium, slightly changed, shrunk, and experienced intense cytoplasm brown-274 red staining ( Fig. 4C, D) . All adherent MSCs derived from FF indicated a cytoplasmic immune-staining for vimentin after 279 three days seeding ( Fig. 5A -F). All data were achieved from 15 specimens, and written as mean 280 ±SD. Fluorescent light intensity was interpreted by Image J software (Fiji 1.46). As shown in 281 Fig. 5G , the level of vimentin marker detection on day 21 after BMP15 treatment showed a 282 significant reduction (9.91± 3.19) compared to the day 3(22.08±8.5) and day 21 of the control 283 groups (21.96± 8.5) (P<0.05). This value decreased on day 21 compared to day 3 in control 284 groups, although this was not statistically significant. 285 Immunolocalization for pluripotency of MSCs were performed by detecting specific markers, 286 including OCT4 and NANOG. Immunofluorescence study demonstrated an intense cytoplasmic 287 positivity staining for OCT4 and NANOG in day 3 of culturing ( Fig. 6 A-F). A few epithelial 288 cells in culture medium were stained by OCT4 and NANOG. However, OCT4 but not NANOG 289 proteins were detected in MSCs during same culture period ( Fig.7) . 290 To understand the possibility that MSCs from FF have the ability to differentiate into OLC, 291 oocyte specific markers, ZP2 and ZP3 were examined in controls and BMP15 supplemented 292 medium groups. ZP2 and ZP3 were detected in OLC of both groups after 3 weeks of culture 293 (Fig.7) . Fluorescent light intensity of ZP2 and ZP3 in OLCs significantly differed between the 294 treated and control group (P = 0.000). Moreover, ZP3 protein was seen in the periphery of 295 cytoplasm in OLCs rather than uniform cytoplasmic distribution of ZP3 and ZP2 in OLCs ( Fig.  296 7) . It should be noted that ZP proteins were not detected in the cytoplasm of other epithelial and 297 mesenchymal cells. Fibroblast like cells adjacent to epithelial cells were negative for oocyte 298 marker in the controls and BMP15 induced groups. 299 300 RT-PCR analysis of specific markers of stemness and oocytes 301 302 RT-PCR analysis was carried out in order to further approve the ICC results. Initially, real-time 303 PCR examined FF derived MSCs with various culturing intervals. Cell markers were analyzed 304 on day 0, 7 and 21 after culture. Then, the gene expression level was measured and compared 305 between control and BMP15 treated groups (Fig. 8 ). Nonetheless, fold changes in BMP15 treated 306 cells in comparison with the control groups for each the markers suggested specific dynamic 307 modifications during the induction process(P<0.05). Pluripotent genes expression for OCT4 and 308 NANOG was higher in earlier days of culturing (week 1), down-regulated, and decreased on day 309 21 in both treated and control groups (P <0.000) ( Fig. 8A, B ). The expression of OCT4 and 310 NANOG (on the day 7) showed a different and sinusoidal behavior after treatment with BMP15 311 (P <0.05) ( Fig. 8 A, B ). On day 7 of the treatment, gene expression levels of OCT4 but not 312 NANOG up-regulated by approximately 3-fold, when compared to the control groups. In the 313 treated groups, gene expression levels of OCT4 and NANOG from day 7-21 showed down-314 regulation approximately 0.041-fold and 0.40-fold, respectively (P= 0.000) ( Fig. 8 A, B) . 315 To determine OLCs development in control group from day 7, the gene expression levels of ZP2 316 increased in comparison with the levels achieved on day 0(3-fold), and gradually reduced (2-317 fold) on day 21. ZP3 gene expression levels increased 1-fold and 5-fold from day 7 -21 in 318 comparison with the level observed on day 0 (P <0.05). From day 0 to 21 of treatment with 319 BMP15 where OLCs grew, levels of gene expression of ZP2 and ZP3 showed down-regulation 320 and decreased approximately 6-fold and 4-fold (P =0.000) in comparison with the levels 321 achieved on control groups (P< 0.05) ( Fig. 8 C, D) . Regarding the BMP15-treated groups, ZP2 322 and ZP3 levels increased by approximately 4.45-fold and 2.17-fold (P=0.000) from day 7-21( Fig.  323 8 A-D). In addition, OCT4, ZP2 and ZP3 proteins were present in OLCs during the same culture 324 time (Fig. 7) . 415 mRNA expression has been reported in human fetal and mature ovaries (Törmälä et al. 2008) . It 416 was also stated that ZP4 has a structural role in human oocyte and a minor function in sperm 417 binding and induction of acrosome reaction (Canosa et al. 2017 ). Therefore, we decided to focus 418 on ZP2 and ZP3 intracellular trafficking and expression in FF derived MSC and OLCs. ZP2 and 419 ZP3 relative expression fold change increased during differentiation process (Fig. 8 ). This study 420 outputs have consistency with Hu et al. (2015b) findings who confirmed that some of human 421 umbilical cord-derived PGC like cells are prone to more growth into OLCs and express markers 422 specific in oocytes, including ZP1, ZP2, ZP3, and so forth. In the day 21 of differentiation, ZP3 423 expression was much higher than ZP2, which could be due to ZP3 importance in development 424 competence and fertilization process. In treated groups, BMP15 resulted in a significant 425 reduction in expression pattern of ZP proteins (Fig. 8 ). This can be due to the differentiation of 426 OLCs in BMP15 induced groups. Canosa et al. (2017) observed that expression of ZP proteins in 427 mature oocyte significantly decreased compared to the early stage oocyte. Immunocytochemical 428 examinations of our study confirmed the RT-PCR results, and showed the cytoplasmic ZP 429 proteins staining. Hence, amplification of ZP gene expression in the third week was observed in 430 OLCs of control groups, which could be caused by insufficient maturation of these cells. This is 431 the first report of the expression pattern of ZP genes in FF derived OLCs on different times in 432 both BMP15 induced and control groups. Moreover, a minimal amount of ZP2 and ZP3 gene 433 expression was observed in the first days of culture, which could be due to heterogeneous nature 434 of FF derived cells. Furthermore, it has been indicated that ZP elements are found in human fetal 435 ovaries prior to forming follicle. Finally, the researchers inferred that ZP components are found 436 at the initial stages of ovarian development (Törmälä et al. 2008 ). In our study, both OLCs and 437 epithelial cells expressed ZP component. Nevertheless, it is important to notice that the exact 438 position of ZP proteins in the mammalian ovary is disputable, and any general agreement does 439 not exist regarding the synthesize of human ZP proteins in the granulosa cells, oocyte or both 440 (Lefievre et al. 2004; Törmälä et al. 2008) . 441 In addition, identification of estradiol production proofs the functional activity of OLCs and its 442 surrounding cumulus like cells. Reduction of estradiol concentration over the controls and 443 BMP15 treated groups on day 21 maybe due to the differentiation of these cells. Our 444 observations correspond to Prapa et al. (2015) who found that BMP15 could reduce basal 445 estradiol levels in human granulosa cells; however, Costa et al. (2004) showed that levels of 446 estradiol considerably decreased in the follicles with mature oocytes compared to the follicles 447 with immature oocytes. 448 We conclude that FF derived MSCs are a structural portion of the ovarian tissue, whether from 449 OSE or from the cortical zone of the ovary. A rare number of cells showed the expression 450 scheme of pluripotent stem cells and morphology of oocyte cells. However, BMP15 boosted 451 OLC formation in the induction medium. This consideration supports more proof regarding de 452 novo folliculogenesis and oogenesis feasibility in mature ovary of human, as opposite to central 453 dogma in terms of the limit numbers of oocytes and follicles at birth(Zuckerman 1953). In the 454 assisted reproductive technology, aspirated follicular fluids are usually discarded following COC 455 removal; hence, it might be applied as a potent source of stem cells. The ovarian follicular fluid-456 derived MSCs would prepare a favorable practical model for the in vitro maturation of ovarian 457 follicles in human, and can be used in coming times in assisted regenerative and reproductive 458 medicine.
Conclusions
460 Briefly, the present research showed that isolation and growth of MSCs from follicular fluid is 461 feasible, which is routinely wasted during IVF operation. Based on this observation, we 462 recommended that this fluid can be another source for MSCs, and can be as a valuable and 463 reasonable biological tentative sample for the basic stem cell research after IVF procedure. The 464 ovarian follicular fluid-derived MSCs can introduce a hopeful approach in the regenerative 465 medicine and oogenesis in the future. In this way, our results indicated that BMP15 increases 466 developmental ability of OLCs, and supplies a different in vitro model to examine the 467 mechanisms, by which germ cell formed and differentiated. List of primers used in RT-PCR. Table 1 . List of primers used in RT-PCR. 
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Determination of estradiol production in medium within process of differentiation 
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Adipogenic and osteogenic differentiation of human FF cells. 
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Pluripotent activities of human FF-derived cells. 
